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33PmoEiacTioir 

Adsorption  in  solutioa  a«y  be  defined  as  the  tM^Saosy 
ftf  tbe  solute  to  beeoane  sK»ro  <»!'  lese  ooncentir&ted  at  tbm 
sttpfftoes  OT*  interracos  of  the  solatloii« 

J.  Willard  Gibbs  in  187^  pfubliahed  a»  article  in  isfiiidti 
Im  eaqpreesed  the  reletlom  between  atirf &ee  teixsion  axtd 
sm'f ace  conoentration  in  aamtlfetaatlo&l  tereai«     3Ma  was  the 
ftl»t  att^i^t  to  eac^yreee  this  relation  but  for  ordinary 
use  it  mie  very  eoo^lloated;  later  it  oame  to  the  haz»is  of 
Ostwald  itoo  simplified  the  forsaila  into  its  present  foxru 


*  *  5? 


ay 

d  log  c 


«  is  the  excess  solute  in  the  surf  aee*     B  is  U»  gfae 

eonstant  8.515  x  10*^.     T  is  the  ebsolute  teapsxHOLture* 

d   y  le  the  slope  of  the  surface  tenaloo/  log  cone. 

d  log  e 

ovj?ve  at  the  oonceiitration  e« 

^Riis  eqoation  has  be^a  tised  by  Tijasy  ea^perimontors  in 

oalcalatias  the  eoncentpation  of  the  solute  in  sixrfaoes  and 

interfaces  but  the  calculated  values  in  inany  cases  haire 

sho^jm  very  little  agreement  with  the  results  obtained  froa 

expertiwitnl  dateiu     Sinee  this  disegre^i^Bt  betve«a  the 

observed  and  calculated  values  has  arisen  it  is  to  be 

fKHpietod  that  the  accxxracy  of  the  so-called  Gibbs' 

adsorption  equation  lahen  applied  to  ade^pption  at  free 


sxirTaces  and  intorfacoa  «ould  b©  qaestloned*  There  have 
been  a  great  sauaor  teats  Bade  on  various  substances  in  (M& 
effort  to  detenniae  the  aociiraoy  o£   tiie  equation  and  to 
attes^t  to  explain  the  divers^eneo  of  the  ohawrved  from  the 
calculated  values*  A  ccjEiparison  of  the  results  of  these 
exporisionts  is  ahoKi  in  Table  X*  The**  workers  have  shown 
that  the  liquid-air  intorf aoe  of  a  bubble  oovlns  through 
a  solution  holds  many  tliaes  more  solute  than  is  predicted 
by  the  Gibbs  equation. 

Donnan  and  Barker  (1911)  published  an  accoimt  of  their 
voaritc  OQ  nonylic  acid  end  saponin*  They  claizoed  that  th* 
experimental  results  agreed  with  the  calculated  values 
within  the  limits  of  experljaental  error*  In  these 
experiiaents  puapbiS  <i^<^  mixittg  of  the  eolution  vtere   at  * 
y^ir1»"*y«f  and  as  a  result  of  these  the  concentration  varied 
greatly  in  different  parts  of  the  apparatus*  In  detomining 
the  adsorpticMa  it  is  necessary  to  Imow  the  concentration  of 
the  solution  with  which  the  film  is  last  in  contact  end  a* 
this  was  not  possible  with  their  arrangoEwait  of  apparatus 
their  results  eannot  be  considered  to  b*  coi*rect*  Their 
calculations  of  the  observed  adsorption  vrere  mad*  <m  th* 
%(|Uil*  odT  a  v^ry  ssmll   dbaaa^  in  the  concentration  of  a 
large  voltooo  of  adsorbing  sQluticai  and  this  in  itself  gave 
SMMBy  opportimities  for  error  in  the  measurements*  The 
drop  n^BBber  xaethod  of  measuring  the  surface  tension  was 


\ 

Table  1 

Previous  Work  on  Adso2*ption  at  Air-Water  Interface, 

issisit 

Solute  Studied 

Coaparison  of  Values 

Mijboer 

SodiUB  oloate 

Ho  coiagDarison. 

Dozmmi  and 

Konylic  acid 

Agr*eaent  claiioed  but  results  do 

Barker 

not  pernit  this  asausQ}tion. 

Saponin 

k^otmemt  claicted  but  results 
show  experiinnntal  values  to  be 
t«o  tiiaes  the  calculated. 

MeBnin  and 

p-Toluidlne 

Observed  two  tiiaes  calculated. 

Davies 

Aastl  alcohol 

Observed  fotir  titaes  calculated. 

Cfffirphor 

Observed  three  tines  calculated. 

Laing, 

Sodium  oleate 

Observed  G3t*«ated  than  calculated 

HeBain,and 

and  twiee  3E5onorK>lcculor 

HarriscMa 

adsorption. 

ilerlrins 

Nonylic  acid 

Approxioftte  aoreesnent. 

and  Gans 

Aiayl  aicohol 

Observed  three  tiiaes  <»ilculated. 

KeBain  and 

Phenol 

Observe  5-8  tiiaes  calculated. 

SoBois 

p-Toluidino 

Ol»er»ed  2  times  calculated. 

Iso  ar.:7l  alcohol  Ol3s«K>ved  3  tiraes  calculated. 

RcGorcinol 

Observed  2-5  times  calculated^ 

^3BSPBX>1 

ttWMlts  not  consistent, observed 
ttiiMirt>tion  less  than  calculated. 

Acetic  ncid 

Observed  5-7  tiiaes  calculated. 

r           0  acid 

Observed  3-4  tiraes  calculated. 

L:-^,-  ,ic  acid 

Observed  2-4  tines  calculated. 

Konylic  acid 

Results  show  no  agreeiaent 
mfcatcver  with  calculated  or 
previous  oxperiaental  results. 

Sodium  chloride  Observed  nxich  less  than 

calculated. 

MiBiiiit  caA  JDft^«s  (X92f}  sad  Sea«3a  weA  Siem$M  (ldfi9| 
KMMlMlft  «iit«  ft  vixili^ioii  In  tbsJbr  r»siilts  «»  nOMviptJMm  1» 

mA  t^  fl2»s  coll#itt<d»    Xf  m^  st«a>X»  ri3aai  w0bp9  f onandU 

csollootins  1^  3l«9NiA  r«KPtt«ft  o-ver  lif  ^«  tn^W^l^  #Mft  tSitagr 

iMmiii  ttai  iMiiHD  of  the  mSsmmm  ««l-atlcm  «»d  «Qei^i|»i» 
iii  ii  to  Ise  tb»  mmt  m  ttae  <wili^»od  n2a  s^i^iocu    f« 
ri;a$  ta»»  mtm3i  •ftMrptloa  it  1»  aao—iMpy  to  ooXloot  tUm 

aago^ytloaa  aon  only  be  tmm&  lliep«  tiw  ttotiXftX  «n«i,riii»  iMt 
<m<fc  tiW  «l^tt  ^  PiiiiiWililiifl  moA  nottsf  tim  xm9  of  th» 
st^bitlaii  mmmik  lOilifei  ^ke  bvAMMw  mm  mmmO^    m  9am  of 
tlM»iF  ooltifeoo  «boix>  r«Mralt«  «SPiwft  wk^  tl>ai«  of  ot^bsr 


v^rkers  bat  on  other  solutions  they  ohtalned  no  consistent 

^Qi0  BAin  purpose  of  this  Investigation  has  he&a  to 
dotoraine  if  there  is  either  positive  or  negative  ad- 
8orpti<»i  at  the  liijaid-glaa*  Interf  aoo  T^iich  woiuld  catiee 
an  lacrease  or  decrease  in  the  concentration  of  the  ad- 
sorbed solute  in  the  bubble  film  as  it  passed  throuGh  the 
adsorbing  a^yparatoa^ 

Originally  sodium  oleate  was  to  be  used  as  the  solute 

but  experimental  difficulties  ixpevented  its  use*  The 

surface  tonsion  of  soditia  oleate  solutlone  hfts  be«a  found 

by  Buaagr  workers  but  tlwre  is  no  asre«a>iMit  ahom  betwe«»  the 

<U^«r«Rt  Methods  and  no  satisfactory  curve  could  be 

Obtained  for  tim  determination  of   d  /   >  Different 

d  log  c 
■ethods  for  Bieasuring  the  surf aoe  tension  wore  tried  but 

n<me  was  found  to  be  satiafaetory*  The  solutions  were 

eloadly  and  this  prevented  the  xiae  of  the  interferometer  in 

determining  the  concentrati<Mi  of  the  solutions. 

Saponia  waa  xised  as  it  has  43a.  the  gaal  itiee  necessary 
for  en  exporixaent  of  this  type*  Its  awl  ocular  Tffeight  wa» 
«aed  as  1260.  This  value  was  found  to  be  correct  in 
dilute  solutions  by  ixaman  asid  Barker  by  the  freezing 
X)Oint  method* 

Several  other  solates  were  used  in  attempts  to  get 
stable  bubbles, but  none  could  be  found  that  were  capable  of 


fonainfj  filiae  of  tho  necessary  stability.  Phenol,  caproic 
acid,  nonylic  acid,  aniline,  acetic  acid,  butyric  acid, 
capryl  alcohol,  siilphonal,  and  sodium  chloride  sere  tried, 
but  in  either  dilute  or  eoncentratod  solutions  no  stable 
fllas  would  form  contrary  to  the  statements  of  McBain  and 
<^^b»rs«  At  the  rate  that  ficBaln  and  DuBois  sent  bubbles 
through  their  soluticms  it  seems  isrpossible  for  the  bubbles 
to  reiaain  in  their  original  size, for  the  filrjs  are  not 
stable  and  the  bubbles  unite  to  form  larcer  ones.  They 
stated  that  the  coalescing  of  the  bubbles  made  no  difference 
but  it  obviously  altered  the  area  of  the  adsorbing  surface. 
It  could  only  have  boen  possible  to  obtain  film  solution  in 
such  things  as  sodium  chloride,  phenol,  acetic  acid, 
butyric  acid,  etc*  at  the  concentration  used  by  continuoEwly 
overflowing  the  solution  through  the  bubble  tube*  It  vcmld 
be  soaaeisiaat  a  matter  of  doubt  ishether  all  adsorbed  material 
was  carried  over  unless  analyses  were  laade  on  the  solutioa 
in  the  top  of  the  tube  at  the  end  of  the  run» 
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cooporatlon  bo  ixt»  glfen  in  the  congtructloa  of  apparatn^ 

and  for  tli©  jo^xj  helpful  siiggestloas  conceminc  the  worki 

EXPERIHSBTAL  PROCSCfaiiS 

Air  bubbles  wcro  passed  thraush  an  aqueous  solution  of 
the  substimee  under  obsenrntion  t^idi  was  contained  in  a 
systeaa  of  pyreac  tubes  of  large  diaraetor  end  at  a  soall 
angle  from  tlio  liorizontcl.  After  passing  throuclh  the 
saturating  wnd  adsorbing  tubes  the  bubbles  vera  diraatfinl 
throush  a  siaaller  vertical  tube  in  «hich  a  trap  was  con- 
structed to  collect  the  liquid  that  drained  froa  the  filxw, 
tlaaa  the  filns  «ere  collected  in  a  rocoivcr  snd  ofmStmamA 
to  a  liquid,  Dae  to  the  stability  of  the  saponin  film 
considerable  difficulty  «ts  experienced  before  a  satis- 
factory aatlboA  of  cQiirAiBSC.tion  laas  discovered.  The  concen- 
trations of  the  vcl^io^l3  solutione  were  neasurod  on  a  Zeiss 
interferometer  that  had  been  standardized  with  solutions  of 
accurately  kno^m  concentrations* 

Viith  the  exception  of  the  trap  in  the  vertical  tube 
the  apparatus  warn  practically  a  duplicate  of  that  of  licBain 
and  DuBois.  It  consisted  laainly  of  a  reservoir  generating 
pi»essure  to  force  the  bubbles  throtish  the  solution  ishich 
vas  contained  in  the  saturating  and  adsorbing  tubes. 
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Tbm  adsorption  tubo  vas  Tilled  with  tli©  original 
solution  which  mat  Icept  at  a  constant  heicht  thpoxichout  each 
test  ron»  This  is  aeeos5)lished  hy  sieans  of  a  separatory 
funnel  tjhich  is  connected  to  the  lower  end  of  the  satu- 
ratings  tube  which  is  connected  to  the  loww  wtai  of  the 
adsorbing  tube. 

Bafore  starting  a  ran  the  large  fuomel  connected  to  the 
air  reservoir  was  filled  with  water, and  the  air  in  the 
ra««rvoir  brought  to  ata^aji^ria  pressure  by  means  of  a  ^bb 
burette  attached  to  it»  Tbj&  reading  of  the  burette  vm» 
recorded.  The  tenFjernture  rawKlns  ^"""s  also  recorded  before 
starting.  After  these  preliiainary  adjustments  the  water  is 
allowed  to  run  into  the  reservoir  and  this  eatusea  an 
increase  in  the  pressure.  "The  clasip  is  then  opened  and  tho 
air  allowed  to  flow  tdarough  a  bv^bling  tj^  «here  bubbles 
were  f<^PiBekL  at  the  rate  of  about  75  a  ninute.  The  babbles 
renain  in  contact  with  the  solution  for  app? oxiijmtely  30 
aeconds  before  they  are  collected.  The  level  of  the 
solution  in  the  tubes  was  carefiilly  adjusted  to  allow  the 
f ilzos  to  ent«>  the  vertiesl  tube  evenly.  Tho  bubbles  were 
counted  visually  as  they  passed  a  reference  point  and  the 
nuaber  recorded  on  a  counting  antehijie.  The  vertical  tube 
aad  the   trap  were  rinsed  out  wit^  the  solutlCA  iacbodiately 
before  starting  tho  run  and  the  first  bubble  always  con- 
tinoed  through  tho  tube  Into  the  receiver.  The  bubbles 


were  allows  to  nm  until  tbe  water  had  almost  run  out  of 
the  ftaaael  end  theaa  the  stopcoofe  mast  closed*     After  the 
SB^«iS8ure  in  the  reservoir  JmA  tSwawwsod  until  no  rtore 
batrbles  wero  f  orraed  the  ciaa^p  was  closed  and  tho  tot«l 
masb&r  of  bubbles  recorded,  maMns  allowance  for  the  nuaiber 
reraalnlnc  in  the  vertical  tube*     The  burette  WW  again  used 
to  bring  the  reaorvoir  to  atcKsspheric  pressrai»e  «nft  **• 
rwidinG  recorded*     The  te!ni>eratiire  VBa  •gain  recorded  to 
tBSH^le  the  mean  teaptacaturc  to  be  found*     The  i»at«p  fmmel 
wmt  filled  with  m  aeasured  voluae  of  water  to  find  tkm 
volume  of  air  that  passed  throutii  the  solution*     The  voluse 
«dr  t3»  «ftt«r  less  the  oSmstg^  in  the  burette  readings  Qiv^i 
the  voltaao  of  the  air  in  the  bubbles* 

Ihc  solution  in  the  adsorbing  tube  was  kept  stationary 
at  the  point  isaaore  the  btibbles  entered  the  vortical  tul»», 
tiais  allowing  then  to  drain  partly  before  Altering  the  trap* 
On  ©cmtinaing  throu^  tl9H»  trap  the  draina©8  etf  ttw  f  5.  Iris 
mm  ooopleted  (md  liquid  that  drained  frcsn  the  fllns  was 
collected  in  the  trap  aasd  reserved  for  analysis* 

In  the  case  of  sapoBin  best  results  were  obtained  in 
condensing  the  filas  by  allowins  them  to  continue  tliroug^  a 
saall  tube  do«n  near  the  lower  end  of  a  large  separatory 
funnel*     In  this  Ejanner  the  f tlias  were  broken  by  the 
precaure  escrtod  by  the  incoming  bubbles*     At  the  end  of  a 
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nm  the  fuim©!  was  well  stoppered  and  allowed  to  stand  in  a 
fpigidaire  for  several  Ixoiirs*  This  pi'ovod  to  be  the  oost 
satisfactory  laethod  as  it  allowed  no  loss  hy  evaporation. 

About  30  cubic  ccntinetcrs  of  the  solution  from  the  end 
of  the  adsorption  tube  were  collected  and  saved  for  analysis, 
and  the  reiaainder  of  the  solution  in  the  tubes  was  drained 
out  and  well  raixed  and  a  sanple  reserved  for  analysis.  This 
Bade  a  total  of  five  solutions  that  were  reserved  for 
•aalysis:  the  original  solution,  the  condensed  film  solution, 
the  trap  solution,  the  solution  last  in  contact  with  the 
bubbles,  and  the  solution  remaining  in  the  tubes  after 
adsorption  had  taken  place. 

Attivp   «Rch  run  the  vhole  apparatus  was   well  cleaned  and 
rinsed  with  conductivity  water  and  at  no  tiae  was  it  allowed 
to  become  coanpletely  dry.  Before  each  run  the  apparatus  was 
rinsed  with  the  solution  in  use  and  if  operations  wore  not 
dtarted  iiaaediately,  it  was  well  st9;]^p«red  to  prevwafe 
evaporation. 

fl»  solutions  were  made  by  dissolving  a  weighed  aiaount 
of  saponin  in  freshly  boiled  coiwiuctivlty  ^at&r   of  highi 
purity  and  with  a  surface  tension  of  72.8  dynos.  These 
solutions  ws^e   freshly  prepared  before  each  run  to  prevent 
the  action  of  molds  which  began  to  talce  place  within  thre« 
or  four  days. 

The  values  of  the  surface  tension  of  the  saponin 


solutions  were  found  "by  the  use  of  the  du  Hofuy  tonsiccsjetep 


whicli  has  been  proved  to  bo  the  nont  cccursLte  End  con- 
slctcrt  r.cthod  for  this  subctcjicc.     1!iy&  dro:;:        "   "it  and 
cnpillaa^r  heicht  xaothods  wore  useless  dtie  to  the  gel  llJs» 
8va^*e»»  t*tet  fonaod  on  the  solution  in  a  very  short  tiae* 
The  readings  on  tho  tensioaoter  wcr«  taken  in  a  short  length 
of  tine  under  conditlcaas  onwg^tP&ble  to  those  under  trhich  the 
hubbies  vere  pci5»ed  throu^^  the  solutions.     Throctgbot^  the 
svxtuMe  teaslon  rieasurGrents  the  solutions  xjorc  !xcpt  well 
stirred  as  the  surface  tension  chcaiesed  with  a  chance  in 
tisne*     Twelve  to  fifteen  end  scHiietijaea  saore  values  vfcre 
oUriMilned  for  each  concentration, and  these  •gsreed  very 
«dU»ely  with  the  laean  value. 

Tho  solutloas  msed  in  tiiia  experiment  were  very  dilute 
Ifcensistinc  of  conoentrations  of  ,00001,  .00005,  .O'OOl,  and 
Wt306»     According  to  Merck's  Index  the  Eielecular  wei^Jit  of 
saponin  is  726.5,  but  IXmncn  and  aarkei'  foumd  it  to  b« 
IMMO  in  dilute  solutions.     In  this  tjork  1^0  is  used  as  the 
M»l»eWdLar  weight.     In  the  case  of  the  interfei'oawter,  pre- 
caxitions  \rere  ta3:;en  to  keep  the  tenperature  as  near  constant 
as  possible .  but  with  the  teaper attire  under join^  many 
chaa®98  in  tho  course  of  analysis  it  was  very  difficult  to 
ipork  under  ideal  conditions.     However,  in  most  cases  the 
t&tEO^  in  toispc  rat  ore  would  not  cause  more  than  osne  degree 
deviation ,  and  this  would  not  eive  an  appreciable  increase  in 


Table  II 
Surface  Tension  of  Solntlona  of  Saponin 
Da  lo^3r  Method 
Concentration    Dial  Reading    Sxirface  Tension 


.00001 

99*5 

70.75 

•00005 

95.0 

65.00 

.00010 

88.3 

62.90 

.00025 

85.0 

60.45 

.00050 

05.0 

59.00 

.00100 

81.5 

57.70 

.00250 

79.4 

56.20 

•00500 

78.3 

65.50 

Table  III 
Calibration  of  Intcrferocsetep 


tntration 

Drtna  Reading 

.00001 

-23 

.00010 

-13 

•00025 

02 

.00050 

29 

.00075 

55 

.00100 

82 
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the  experiasntal  error.  It  was  found  in  the  etandardixation 
of  the  Interferometer  that  one  degree  on  the  dial  vaa  equal 
to  10*^  aola  per  cubic  centiaeter. 

DIMEHSXOiS  OF  TM£  ABSdHrflOi  Ai^irARATUS 


Tube     Ini 
Saturation 
Adsorption 
Vertical 
VolxuM  of  tubes 


ide  diaraeter 

Length 

Slope 

1.75  em* 

130  CB» 

5  per  cent 

i«75  on. 

ISO  ea. 

9  per  cent 

0*87  ea« 

15  em* 

Vertical 

800 

CO 

♦ 

CALCULATIOH  OF  BESULTS 


fhs  foriBula  of  MoBain  and  DoBols  vas  used  in  ths 
calculation  of  the  obaerved  adsorption* 

I*'  X  r  X  V„  X  S^ 


u  r 


2Vg  4-  2ir^ 


1^   la  the  mola   per  oo  represented  by  on«  degree  on  the  drum 
of  the  interferometer*  r  is  the  radius  of  the  bubble  whoa 
it  is  considered  as  a  cylinder*  In  this  ease  it  is  equal  t& 
the  radius  of  the  vertical  tube*  V^  Is  the  volume  on  the 
eolleetod  filn  solution*  8^  Is  the  change  in  the  inter- 
ferometer reading  in  degrees*  Vg  is  the  volume  of  the  air 
passed  through  the  solution  in  the  bubbles*  B  is  the  total 
number  of  bubbles  passed  through  the  solution,  u  is 
expressed  in  mols  per  square  ««  x   10"  • 


DISCTJSSIOH  OP  RESULTS 

The  as«  of  the  t'ery  dilute  solatioBs  aade  it  possibl* 
■^c  g©t  HKich  more  acciirate  r«isults  than  with  concentrated 
solutions.  The  changes  in  the  concentration  of  the  con- 
dilitcd  f  lla  eolutloaa  was  very  great  coo^ared  to  the  concen- 
tration of  the  original  solution,  so  this  allowed  th0 
ooncentrations  to  be  deteminod  laore  accurately*  WatM 
concentrated  solutions  are  used  a  very  slight  change  in  the 
concentration  relative  to  the  original  would  cause  a  large 
shift  in  the  reading  of  the  interferometer.  This  would 
give  aore  chances  for  a  larger  cxperiisiental  error  in  the 
detemination  of  the  concentrations, as  the  interfercMtneter 
is  more  accurate  over  a  aeiall  r«mge  of  concentration* 

The  analysis  of  the  solutions  oolloctod  in  the  trap  at 
no  time  showed  any  marked  increase  or  decrease  in  concen<- 
tratlcQi  as  ia  shown  in  Table  IV. 

EoBain  and  DuBois  suggested  l^iat  it  was  possible  fop 
the  laore  loosely  hold  aolecxiles  ia  the  film  to  be  pulls  d 
from  the  f lla  due  to  the  friction  of  the  liquid  and  the 
glass*  Thio  results  obtained  in  this  experiment  in  tdie 
analyses  of  the  trap  solutions  have  shown  that  no  changes 
in  concentration  have  tal:en  place,  and  this  woixld  indicate 
that  the  solute  adsorbed  in  the  film  has  be«i  disturbed  in 
no  aanner  by  its  pamHige  through  the  solution  or  the  trap 
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and  vertical  class  tube. 

If  tiiOi»e  were  negative  adsorption  at  the  liqnid-siass 
interface,  th©  laolecules  of  tlie  solute  wj-old  be  fopced  into 
the  film,  and  the  liquid  tlmt  drained  froa  the  film  into 
the  tamp  wsuld  be  deficient  in  the  amount  of  solute  pgNMNWaifet 
but  evidently  there  is  neithor  negativens>r  yooitive  ad- 
sorption on  glfiss  fosp  the  results  shov  no  elvange  in  concen- 
tration that  could  be  expected  if  adsorption  took  place*  It 
ia  p033sible  that  adsorption  could  imve  taken  place  on  the 
glass  with  the  edsorbed  lay<»r'  being  so  stable  that  the 
9ft»««|^  of  the  f ilsas  would  m>%   appreciably  affeet  tliis 
layer«  This  sli^t  amount  adsorbed  would  not  affect  the 
concentration  of  the  trap  solution,  l-hon  the  hei^^ht  of  the 
liquid  in  the  adsorbing;  tube  was  raised  ccmsiderablc  more 
solution  was  collected,  but  this  did  not  aff^st  the  concen- 
tration of  the  trap  solution.  At  the  beginning  of  the 
experiment  a  few  of  the  solutions  ahoT»^  an  increase  in  the 
concentration*  This  was  due  to  the  difficulty  in  getting 
the  proper  drainage  startM  in  the  trap*  Instead  of 
entering  the  vertieal  tube  the  f IIesb  caae  through  the  tmagp> 
ajod  ctmsed  the  increase  in  concentration.  Ir  calcuiatins 
the  obsez*ved  adsorptlem  aUcwaziee  inas  made  for  the  increase 
shosm  in  these  solutions.  Pro®i  the  great  nmaber  of  runs  in 
«Mch  tlie  trap  soluticm  showed  no  gain  it  can  be  readily 
seen  that  the  hig^^Mr  concentration  in  the  few  cases  vas  dam 


to  the  f  11x88  that  earae  thrcmc^  the  trap.  This  defect  ws 
noticed  early  in  the  oajperiaient  and  w€lb   reajediod  to  pErevmxt 
its  recm^reiice. 

Th9  aeJssolQa   of  the  filial  solution  nor*  enaXjzod  but 
t3a«|r  alatmmd  very  little  docrecise  ia  conc«Qtratioii  d\2e  to 
the  very  large  volusie  and  to  the  siaall  onoimt  of  solute 
reoovcd  by  the  hubhlec.  The  interferometer  was  fhwisitive 
to  10"°  oolos/cc  aad  in  nost  cases  the  change  was  too  sjmJLI 
to  show  with  the  interf croKioter»  It  wotild  have  been 
possible  to  read  the  conoentratioa  aox>6  aocuMitwiAy  if  en 
80  Em  cell  could  have  been  used  instead  of  the  20  naa  in  the 
int  erf eroneter . 

In  the  analyses  of  the  solutions  obtained  fron  the 
llgpmc   end  of  the  adsorption  tub©  there  was  no  decided 
increase  or  deorease  in  the  concentration  at  any  time*  This 
would  indicate  tliat  very  few,  if  ai^,  molecules  of  tl» 
solute  had  hoen  2?allcd  from  the  filias  by  the  liquid  in  the 
tube-  All  thoso  facts  izKiicatc  that  the  excess  concen- 
tration of  the  solute  in  the  riliar  would  give  very  near  the 
true  adsorption.  The  solution  at  the  hichest  concentration 
showed  some  deviation  froa  the  expected,  btit  the  total 
cliange  was  within  the  range  of  experjbnental  error. 

In  every  case  the  analysis  of  the  collapsed  film 
solution  showed  a  renarkable  increase  in  concentration, 
AS  ipreat  as  20  tinea  that  of  the  original 


solution.  This  lBdie«£;e8  a  doclded  tendency  cm  the  part  of 
the  solute  to  become  laor©  ccmcentratod  in  the  sxtrfaco  of 
the  33io"ving  f lists*  This  a^ees  with  the  conclusions  of 
McBain  and  DuBols*  However,  in  the  calculation  of  tii© 
observed  values  of  the  adsorption  it  was  found  that  thea» 
lvalues  for  the  .00001  and  #00005  solutions  showed  a  very 
close  agreement  with  the  values  obtained  fron  Qibbs* 
equation* 

It  is  true  that  ©on^lete  adsorption  mey  not  have  taloon 
place  but  in  this  expcrinent  the  bubbles  were  in  contact 
vlth  the  solution  loas©r  than  in  the  ctxporlmonts  of  McBaia 
ftXkcl  DuBois,  so  there  is  every  reason  to  assuiae  that  the 
observed  values  are  very  near  the  true  adsorption  in  these 
dilute  soluti<»is*  These  results  indicate  that  in  very 
dilute  solutions  the  laolecules  of  the  solute  are  oriented  in 
a  nonoraolecxilar  layer  in  the  air-liquid  interface  of  the 
adsorbing  solution*  Prom  the  ejcperizaental  results  obtained 
for  the  adsorption  in  the  •0001  and  .OOOS  molal  solutions 
It  was  found  that  the  actual  adsorption  was  two  times  tb&t 
calctilated  froza  the  Gibbs  equation. 

These  results  offer  further  evidence  in  the  support  of 
the  theory  of  ELcBain  and  Davies  on  the  structure  of  the 
surfaces  at  liqiiid-air  interfaces*  In  order  to  have  ai 
adsorption  greater  than  that  calculated  from  Gibbs*  equation 
for   a  ffionoiaolecular  layer,  the  stirface  raust  consist  of  a 


coasipleted  nonoraolectilai'  layer  tbat  furtliea*  acts  as  a 
support  for  the  excess  laolecules  of  the  solute.  Tl^ese 
0Otild  posalbly  bo  in  loiig  chains  or  oriented  xrlth.  s^espeet 
to  the  Molecules  alread7  ia  the  eixpfaee*  The  action  of  the 
surface  on  exjjosiire  to  air  offers  fvtspWtmt  evidence  in  the 
«^pi^rt  of  the  doubling  up  theory.  On  aspovurc  to  air  the 
bubble  film  seems  to  turn  to  a  gel  baTrlng^  •mrj   little  v&t&p 
along  with  the  solute.  Ttila   also  affected  the  drop  wei^t 
withod  of  2aea«m>ing  the  stirface  tension.  Ftchr  all  indi- 
cations the  Ejolecules  are  so  thickly  packed  in  the  surface 
that  the  filia  appears  laore  like  a  solid  than  a  liquid. 

In  the  experiment  on  phenol  extraordinary  reeults  vere 
obtained.  A  solution  of  phenol  approxiaatcly  one-half 
BK>lar  was  used,  and  as  this  solution  does  not  fona  c table 
f  ilzn  the  metliod  of  McBaln  and  DuBois  was  used  In  obtainii^ 
a  liquid  to  tise  in  the  calculation  of  the  adsorption.  Iliis 
lets  the  bubbles  pass  throuGh  the  adsorption  tubes  axid 
forces  a  little  of  the  solution  over  into  the  ta^ap  whore  it 
can  be  col]£5cted.  In  the  bubblinc  process  It  was  noticed 
that  there  were  txro  phases  instead  of  one  in  the  solution 
that  was  collected  in  the  trap*  ?he  concentration  increase 
in  tdio  fllns  had  been  so  great  that  the  i»henol  was  tlu?owtt 
out  of  solution.  This  licniid  could  net  be  used  in  the 
interferometer  on  account  of  the  excess  pJ^ool.  VOiile  this 
nethod  is  not  accurate  for  tlve  determination  of  the  actual 


1 


m 

adsorption  In  phenol  it  almnnr  that  the  adsorpticm  is  very 
much  Biore  than  would  bo  expected  froa  the  Gibha*  epilation. 

The  sane  cwthod  vas  vtaed   in  an  atteinpt  to  rind  the 
adsorption  in  a  2  laolar  sodima  chloride  solution*  The 
solution  collected  was  snalyTBod  in  the  intorfcrojaetcr,  but 
it  appeared  that  the  solute  was  positliroly  adsorbed  on  the 
glass  of  the  cell, and  this  •would  not  peroit  an  accurate 
detoraination  of  tho  concentration.  A  solution  of  one 
handroth  xaolar  concentration  was  xised  and  on  analysis  of  the 
collected  solution  an  increaise  was  showti  indicatinc  positive 
•dsorption.  However,  this  Increase  was  very  snail  coiipared 
to  the  original  concentration, and  the  total  change  vas  not 
out  of  the  range  of  the  expected  experimontal  error.  Ho 
definite  conclizsions  could  She  raade  on  tlie  adsorption  in 
sodium  chloride  solutions  on  account  of  the  inability  to 
obtain  consistent  results.  If  stable  f  ilas  ceuld  be  formed, 
tho  adsorption  could  be  accurately  determined.  The  loethod 
of  allowing  the  films  to  force  over  the  liquid  is  not  to  be 
recommended  for  acettracy  in  determnlng  the  adsorption. 
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COHCIAJSIOMS 

!•  In  solutions  approaching  infinite  dilution  tlM 
oxperiaental  values  of  the  adsorption  agx'ee  very  closely 
with  the  values  calculated  fSHwa  the  Glbbs  adsorption  equatiai. 

S«  In  the  more  concentrated  solutions  the  surfaces 
consist  of  laore  than  one  layer  of  molecules. 

5.  There  is  little,  if  any,  adsorption  at  a  liquid- 
glass  interface  in  a  saponin  solution. 

4»  The  results  found  in  this  exporlocnt  show  no 
Qgreeaaent  trf.th  those  of  Donnan  and  Barker* 

5.  The  ring  method  is  the  B»«t  consistent  in  the 
determination  of  the  surface  tensions  of  saponin  solutions, 

6«  The  value  of  the  observed  adsorption  for  phenol  la 
very  high. 

7.  This  bubbling  ncthod  is  not  rec<Maaended  for 
solutions  that  do  not  form  stable  filias. 
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